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(57) An improved ceramic feectthrough capacitor 
design which results in distinct advantages in EM I (elec- 
tromagnetic interference) flterlrx) and therapeutic wave- 
form management fx irnpiantable dehorHIators and 
pacemakers and the Ilka The invention provides 
ceramic capacitor electrode plate designs which pro- 
vide both tow impedance decouping for EMI suppres- 
sion, and, at the same time provide an isolated common 
ground point through a separate coupfing capacitor far 
electrical isolation of the filtered circuit from the metal 
case (usually titanium) of the deffcrilator or the like. 
Such an arrangement allows the deftorfllator HV (high 
voltage) output pulse to tie heart to be referenced lead 
to lead (inducting reverse polarity), or tan after lead to 
a conwron floating ground poirt or to the titanium case. 
The primary application of the invention is directed to 
imptentabto denorillators where tie output putee to the 
heart is typfcafly high voltage (up to 750 volts) and of 
short duration (typically in the 10 X 10* seconds or 10 
millisecond range). The invention is equally applicable 
to implantable pacemakers. The Invention is partcUarty 
suited for a combination defforOafor (tachycartfia) and 
pacemaker (bradycardia) unit where there are sense 
(heart monitoring), low voltage (pacing) and high volt- 
age (defibrillator) output leads. 
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Description 

BACKGROUND OF THE IMVEEmOM 

This invention relates generally to improvements in s 
ceramic feedthrough capacitors of the type used In 
impJa/iteble medical devices such as heart pacemakers 
and the Ska to decouple undasired interference signals 
from the device The lesds attaching the implanted 
device to the hsartcenect as antennae In the presence 10 
of a radialed EMI (electromagnetic intexfefence) field 
(such as may be generated by ceOutar telephones). 

More partrailarty, this ftverrton rebates to improved 
ceramic capacitor three terminal dectroda pJate config- 
urations providing low impedance decoupling for EMI is 
(electromagnetic interference) suppression, in combi- 
nation with a common ground point through & separate 
coupling capacitor tor electrical isolation of the titer cir- 
cuit from the metal case of the metfical device. The 
invention is particularly suited for use in defibrillators 20 
(tachycardia), heart pacemakers (bredycardia),and 
combined pacemaker defibrillator devices. Ceramic 
capacitors are appropriate for trtis eppGcstion because 
of their high unit capacitance provided in a small size 
with a robust construction. 25 

Ceramic capacitors are typically constructed by 
interleaving non-conductive layers of high dielectric 
constant ceramic material wift motelfic electrodes. The 
metallic electrodes are typically TattMown" on the 
green ceramic material by silk screening processes. 50 
The device is then fired (sintered) to form a rigid mono- 
lithic structure (the o c^pacrtc0- 

Well known in the art are feedthrough type mono- 
lithic ceramic capacitors, which oto a form factor which 
provides superior RF (radio frequency) performance tor ss 
EMI filtering purposes. Reference U.& Patent Nos. 
4,148.003; 4, 152.540; end 3.235,839. 

Ceramic feedthrough capacitors hove been 
adapted for EMI filtering of human Implant devices (see 
U.S. Pat No. 5,333.095). In order to provide proper EMI 40 
suppression, it is important that the fecdhrough capac- 
itor be directly bonded to the impfentsJWe device shield 
(titanium shell) or hermetic seal. This intimate relation- 
ship is essential so that the fesdthraj^ capacitor acts 
as an integral part of the EMI shte!d so that undesirable <e 
EMI signals are reflected, or absorbed and decoupled 
before they can enter the interior of fte device (inside 
the titanium shell) where tfiey would disrupt fiio proper 
function of sensitive internal electronic circuits. 

SUMMARY OF THE IMVEMTIOM 

In accordance with the inverttion, the fesffihrough 
capacitor design incorporates novel electrode configu- 
rations which allow the Internal fStoring cepacrtor ele- » 
ments to be isolated. This allows for fleribflity in 
implantable device (or other applications) waveform 
rrmnagemsrtt The preferred installation msfood for 
these novel electrode configuration feedthrough capac- 



itors is in accordance with US. Patent Was. 5.333,095 
or 4,424,551, which are incorporated by reference 
herein. For human Implant appGcafions, the feedthrough 
lead wires are typically platinum, niobium or tantalum 
for resis t an ce to body fluids. The hermetic termin al to 
which the feedthrough capacitor is mounted is typically 
made of tteniurn- alumina construction with gold brazing 
or glass sealing for resistance to body fluids. 

Advantages of the novel capacitor matrix include: 

A. Superior common and differential mode EMI 
suppression when compared to arrays of rectangu- 
lar chip capacitors. Feedthrough technology offers 
greatly Improved EMI suppression due to its trans- 
mission line type performance (low Inductance, 
high resonant rjp, ability to perform above reso- 
nance, i,a. broadband performance). Rectangular 
chip capacitors tend to resonate at a relatively low 
frequency, and. above resonance they become 
inductive and cease to function as an effective EMI 
filter. 

B. Fewer components and high volumetric effi- 
ciency when compared to an array of monolithic 
chip capacitors (one feedthrough capacitor with 
novel electrodes according to the present irrvemlon 
replaces many individual chip capacitors). 

C The implantable defibrillator output waveform 
may be programmed for alternative circuits while 
retaining EMI suppression (further descrfoed 
herein). 

D. The ability to decouple and suppress EMI right at 
the termirtal-ehietf interface. This is an important 
feature when compared to MLC (monolithic capaci- 
tor) arrays, parttcularty when said chips are 
mounted at a distance from tie shield can or hous- 
ing (titanium). It is really too fate to suppress EMI 
once It Is inside of fto implantable device housing, 
usually a shietting titanium case or can. The EMI fa 
often characterized by a very short wavelength 
which is capable of re-radiating Inside the can The 
feedthrough type design of the invention actually 
suppresses the EMI before H enters the can interior 
where sensitive electronic circuits may be affected. 

PKSCfflPTlQM OF THE BffAWIWfiS 

FIGURE 1 fa en isometric view of a bipolar 
feedthrough device with two capacitors C1 andC2 
shown connected En series with a third capacitor 
C3, and depicting an ksofated ground point (or com- 
mon test point) Q1 ; 

FIGURE 2 fa a schematic circuit cfiegram corre- 
sponding to the feedthrough device of FIG. 1; 
FIGURES 3 and 4 are horizontal sectional views 
taken generally on the lines 3-3 and 4-4 of FIG. 1; 
FIGURE 5 fa a fragmented perspective view of the 
Caedmrough device of FIG. 1. end depicting internal 
construction details thereof. 
FIGURE 6 is a perspective view showing assembly 
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of the festfihrough device of FK1 1 w&hatemtiral 
plate adapted for assembly with tho honing or can 
of an tmpiantebte rnaCcaJ device; 
FIGURE 7 is an fecmafric view of on alternative 
bipolar fesQ^hrcugh devicQ erf disco&aJ shape, con- 5 
structed according to the schematic riraci diagram 
of FIG. 2; 

FIGURES 8 and 9 are a horizontal sectional visas 
taten generally on tha Ones Wand 9-9 of FKi 7; 
FIGURE 10 a perspective view shoeing assembly w 
of the feedirtrough dsvico of FIG. 7 with a terminal 
pJato eifeptcd for esserrtoy wth the housing or can 
of an tmpJantebJe medical device; 
FIGURE 11 is an teomsfric view of another alterna- 
tive bipolar feedthrough device, constructed is 
according to the schematic circuit diagram of FIG. 
2, with a central aperture for connection of the defi- 
brillator pulse generator circuit (not shown) to the 
isolated ground point G1: . 

FIGURES 12 and 13 are horizontal sectional views 20 
taken generally on the lines 12-12 and 13-13 of 
FIG. 11; 

FIGURE 14 is a perspective view showing assem- 
bly of the feedthrough device of FIG. 1 1 with a ter- 
minal plate adapted for assembly with the housing 25 
or can of an Implantable medsal device; 
FIGURE 15 is an isometric view of a rectangular 
quad feedthrough device with a common isolated 
ground point Gl; 

FIGURE 16 is a schematic circuit diagram cone- so 
sponding to the feedthrough o^vice of FIG. 15; 
FIGURES 17 and 18 are horizontal sectional views 
taken generally on the lines 17-17 and 18-18 of 
FIG. 15; 

FIGURE 19 is an isometric view of a rectangular as 
quad feedthrough device with isolated termination 
points G1 and G3; 

FIGURE 20 is a schematic circuit diagram corre- 
sponding to the feedthrough device of FIG. 19; 
FIGURES 21 and 22 are horizontal sectional views <o 
taken generally on the lines 21-21 and 22-22 oJ 
FIG. 19; 

FIGURE 23 is an isometric view of a rectangular 
quad feedthrough device generally according to 
FIG. 19. but showing an alternative geometry with 4s 
isolated termination points G1 end G3; 
FIGURES 24 and 25 are horizontal sectional views 
taken generally on the Ikies 24-24 and 25-25 of 
FIG. 23; 

FIGURE 26 Is a fragmented perspective view of a so 
quad feedlhrough device according to FIG. 23, but 
showing the device in dieco&al form; 
FIGURE 27 is a perspective view showing assem- 
bly of tho feedthrough device of FIG. 26 with a ter- 
ming! plate adapted tor assembly with fte housing ss 
or can of an implaritebte rreojca! dsvico; end 
FIGURE 28 is a perspective view showing assem- 
bly of a feedthrough devico generally accorc5ng to 
FIG. 19 but in cfccoidaJ form with a terminal plate 



adspJsd from assembly wifh the housing or can of 
ah implantebJo mscCcaJ devico. 

nEKMU-P PESCgflFTTOM OF THE PREFERRED 

A rectangular bipolar tseoftrough capacitor con- 
structed in accordance with the present invention is 
shown in FIGURES 1 and 3-5. The feetfhrough capac- 
itor 10 comprises a rnuitilayered construction having 
msteffic conductive electrode plates arranged in alter- 
nating layers of different geometry and separated by 
dielectric material layers of ceramic or the lite. The built- 
up esserrfciy of rnuftiplo ceramic layers with thin mataJIlc 
electrode plates eppfied thereto as by silk screening is 
generally known in the art and wifl not be discussed in 
further detail herein. The finished capacitor 10 is 
depicted in FIG. 1 in the form of a monoSthic ceramic 
structure 12 having the metallic electrode plates 
embedded therein. 

FIGURE 1 illustrates the rectangular feedthrough 
capacitor 10 having a pair of through ports 14 and 16 for 
receiving a corresponding pair of conductive terminal 
pins (not shown in FIG. 1). The surfaces of the through 
ports 14 and 16 are lined by surface metallization, as is 
known in the art to connect the plates in parallel and 
tacffitete conductive assembly with the terminal pins. In 
accordance with the invention, the through port 14 and 
the surface metallization thereof is conduct vdy associ- 
ated with a plurality of capacitor electrode plates asso- 
ciated with a first capacitor CI, while the second 
through port 16 and the surface matalBzation thereof is 
associated with a plurality of capacitor electrode plates 
associated with a second capacitor C2. The two capac- 
itors CI and C2 are in turn associated with a third 
capacitor C3 (not shown in FIG. 1) disposed electrically 
between a pair of electrical connection points G1 and 
G2 that are exposed by surface mstalBzaticn 18 and 20. 
respectively, on discrete edge feces of the ceramic 
structure 12. FIGURE 2 shows en eJectfcal schematic 
diagram conforming to the bipolar feedthrough capaci- 
tor shown In FIG. 1, with the capacitor C3 connecting 
the two feedthrough cepacftors Cl and C2 to a common 
isolated ground point, it wfil be understood that the 
ground point defined at G2 does not represent the 
ground point of the pulse generator circuit of the medi- 
cal device, but instead represents the metal housing or 
shield to which EMI signals are decoupled. 

FIGURES 3 end 4 are sectional views illustrating 
alternate layers of msfeDtc conductive electrode plates 
embedded within the structure of the ceramic body 12. 
FIGURE 3 shows apdrof dectrodo plates 22 end 24 
associated respectively with the through ports 14 and 
1 6y and In electrical isolation with a c«rfirel plate 26 con- 
forming to the ground point 02. FIGURE 4 shows en 
electrode plate 28 disposed in vertically stected or 
sandwiched relation with the electrode plates of FIG. 3, 
artdindectricalteclaitontofhe 
When the capacitor 10 shown in FIG. 1 is assembled 
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from a laminated stack-up of aftemating plate layers as 
depicted in RQS. 3 and 4. and as also depicted rn par- 
ti al section in RG. 5. the bipolar fesoWcugh capacitor 
according to tho circuit schematic of FIG. 2 is the result 
Hwffl be understood that a typical 5 
1 0 will InccrpoTEto a selected end typicdly large number 
of the conducts p&te layers shown in RG& 3 and 4, In 
an alternating stack sequence. 

FIGURE 6 shows the feedthrcugh capacitor 10 of 
RQS. 1 -5 assembled onto fto inboard side of a terminal ic 
plate 30 adapted tor hermetic and conductive mounting 
onto the housing of an implantable medical device or 
the like, so as to position the capacitor 10 wffiiln the 
interior of the housing for the medical device, (n the pre- 
ferred form, the GS test point or points are dsagnsd to is 
be grounded/bonded directly to the terminal plate 30. 
typically by use of a conductive thermoset material 31 
such as conductive polyfrrcde (&q., Abeistik 71-1). This 
conductive thermoset material bonds to fro Q2 capaci- 
tor termination surface (typicaOy a palladium-silver 20 
glass Tired frit) and to the terminal plate 30 as shorn 
Terminal pins 32 and 34 can be dexmcafly connected to 
the capacitors CI and C2 respectively, by means of sol- 
dering or alternately by means of the conductive ther- 
moset material. The Q1 isolated ground point is 25 
desirably insulated from the conductive terminal plate 
30 by a suitable insulation sheet 36 or the faa. Tho iso- 
lated ground point Q1 is accessfcle tor facilitated electri- 
cal connection to other circuit components of the 
medical device or for electrical testing. so 

FIGURES 7-10 illustrate an alternative preferred 
form of the Invention, wherein structural components 
conforming to those described in FIGS. 1 and 3-6 are 
fdentfied by cornrnon reference mnrtsnate. The embodi- 
ment of FIGS. 7-10 Offers only in the configuration of 36 
the bipolar feedthrough capacitor in a cBscoidal as 
opposed to a rectangular geometry. 

FIGURES 11-14 depict a further alternative pre- 
ferred form of the invention, wherein components con- 
forming with FIGS. 1 and 3-6 are also identified by the w 
same reference numerals. FIGURES 11-14 show 
another bipolar feedthrough capacitor, having an alter- 
native rectangular geometry wherein the isolated 
ground or test point G1 is defined by surfeca mstnDiza- 
tkmappSedtoalhirdfrroiighporm & 
the capacitor structure 12atafocattonbeiwQsntheC1 
and C2 capacitor through ports 14 and 16. respectively. 
As shown in FIG. 14. electrical connection to the iso- 
lated ground or test point 01 is ccccmplished quickly 
ard easily by decmcaDy cormecting a frird terminal pin eo 
40 thereto In this embodiment, there is no requirement 
for additional Insulating sheet elements tor electrically 
isolating the test point G1 from the conductive terminal 
plate 30. Pin 40 typically does not extend aO the way 
through to the body fluid side of tho plate 30. ss 

FIGURES 15-18 show a qu^d-typo feetfhrough 
capacitor constructed according to the principles shown 
and described with respect to FIGS. M4. As shown, a 
multilayer ceramic body 112 has alternating embedded 



layers of msMic eJectrcdo piates in a geomsiry to pro- 
vide tour separata capacitors C1, C2. C3. and C4 with 
isolated ground point Gl and ground point GS frtcfuding 
Birfec© ms&TJizaticn on opposite edes of a fifth capaci- 
tor C5. This quad feedthrough capacitor is depicted by 
the circuit schematic of FIG. 16. RQ. 17 shows one 
layer geometry having active electrode plates 42, 44. 
46\ end 48 associated respectively wim me capacitors 
C1 , C2, C3, and C4. wherein ft ess electrode plates are 
associated with tndMdud terminal pin through ports 
fined with surface rrataHizaticn es previously described. 
These active electrode plates are arranged m pairs, on 
opposite sides of a central ptate 50 associated with fte 
termination point G2. FIGURE 18 shows the electrode 
piato52assca'atedwrlhth3test 
electrical Isolation with the capacitor terminal pin 
through ports. 

RGURES 19-22 illustrate an alternative quad 
feedthrough capacitor with an additional ground point 
03 isolated electrically from the isolated ground or test 
point G1. This alternative feedthrough capacitor is 
shown in electrical schematic form in FIG. 20 (various 
alternate schematic configurations ere made possible 
by variations in the printed electrode patterns). Compo- 
nents previously shown and described with respect to 
FtGL 15-18 are identified by common reference numer- 
al The embodiment of RG& 19-22 differs only in that 
the G1 electrode plate 52 is subdivided into a pair of 
electrode subpiates 52A and SB associated respec- 
tively with the electrical connection points 01 and G3. 
This configuration allows the sense leads (lead wires 
which monitor the electrical activity of the heart) to be 
directly decoupled via C2 and C3 (for EMI purposes) to 
the metallic housing (typically titanium) of the medical 
device. The sensing circuits are very sensitive and are 
inherently more prone to Disturbance from electrical 
electromagnetic interference (EMI). The C1 and C4 
le£d wires rray then bo used to conduct tho hrgh vortega 
(HV) dsf Mator pulse to the heart Capacitors C1 and 
C4 are electrically isolated through capacitor C5 from 
the shield housing of the metfical devico. This allows the 
deJ&rfllator pulse to be electrically oriented from lead to 
lead, from either lead to device housing (case ground), 
from effiier lead to 01. or combinations of the above. 
TOs output waveform flaxfbffity allows for a wide range 
of therapeutic options and the restoration of sinus 
rhythm to tho heart 

RGURES 23-25 show a rectangular quad 
feedthrough capacitor conforming to FIGS. 19-22, 
except that tho terminal point G1 Is defined by surface 
metallization within a fifth through port 54. FIGURE 26 
fflustrates a quatMype feedthrough capoator according 
to FIGS. 23-25. but in discoidal form. FIGURE 27 shows 
the discoidal quad capacitor of FIG. 26 mounted on a 
conductive terminal plate 130 for appropriate installa- 
tion onto the typically titanium shield housing of the 
implanteble medxal device. Once again, tho lead pin 
ossociataJ tho terminal poim G1 typically does not 
extend to through the body fluid side of the assembled 
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device. 

FIGURE 28 shows an alternative configuration for a 
quad-type feedthrouoji capacrtor of decokfal geometry, 
but wherein the terminal point Q1 is exposed on the 
exterior edge of the dtsooidaJ capacitor, generally as 
deserted with respect to the rectangular quad capaci- 
tor of FIG. 19. In Ws geometry, insulation sheet 56 is 
required for electrically isolating the termination point 
G1 from the conductive base plate 130, as shown. 

A variety of further modffications and variations to 
the invention wO) be apparent to those skilled in the art 
such as additional capacitors and lead configurations 
and the (ike. For example, H will be understood that the 
active surface areas of the various conductive plates 
may be varied to permit selection of specific and propor- 
tioned capacitance values, such as variable selection of 
the active plate areas associated with the plates 22. 24 
and 26 shown in FIG. 3. Accordingly, no limitation on the 
invention is intended by way of the foregoing description 
and accompanying drawings, except as set forth in the 
appended claims. 

Claims 

1 . A feedthrough capacitor assembly, comprising: 

a substantially monofithic casing of dielectric 
material having a plurality of conductive elec- 
trode plates encased therein in an alternating 
stack of a plurality of first and second layers in 
spaced parallel relation; 
said first layer including at least one active 
plate correspondng to at least one feedthrough 
capacitor, and a first ground plate electrically 
isolated from said active piate; and 
said second layer including a second ground 
plate common to said at least one of active 
plate of said first layer and cooperating there- 
with to define said feedthrough capacitor, and 
further cooperating with said first ground plate 
to define a coupling capacitor for coupling said 
feedthrough capacitor to a common ground 
point 

2. The feedthrough capacitor assembly of claim 1 
wherein said first layer includes a plurality of electri- 
cally isolated active plates corresponding respec- 
tively with a selected plurality of feedthrough 
capacitors, said first ground plate being electrically 
Isolated from said active plates, and said second 
ground plate of said second layer cooperating with 
said plurality of active plates to define said plurality 
of feedthrough capacitors. 

3. The feedthrough capacitor assembly of claim 1 
wherein said first layer includes a pair of said active 
plates corresponding respectively to a pair of said 
feedtfrough capaotora. 



4, The feedftrough capacitor assembly of claim 1 
wherein said first layer indudesat least four of said 
active plates corresponding respectively to at (east 
four of said feedthrough capacitors. 

5 

5. The feedthrough capacitor assembly of claim 1 
wherein said casing is formed from a ceramic mate- 
rial. 

10 6. The feedthrough capacitor assembly of claim 1 
wherein said casing has a rectangular shape. 

7. The feedthrough capacitor assembly of claim 1 
wherein said casing has a discoidal shape. 

15 

& The feedthrough capacitor assembly of daim 2 
wherein said casing has a plurality of through ports 
formed therein and disposed respectively to expose 
edges of said plurality of active plates of said first 
20 layer. 

9. The feedthrough capacitor assembly of claim 8 
wherein said through ports are lined with conduc- 
tive material. 

25 

10. The feedthrough capacitor assembly of claim 9 fur- 
ther including a plurality of terminal pins mounted 
respectively within said through ports. 

30 11. The feedthrough capacitor assembly of daim 1 
wherein said fret ground plate of said first layer is 
exposed at one edge of said casing. 

12. The feedthrough capacitor assembly of claim 11 
ss wherein said second ground plate of said second 

layer is exposed at one edge of said casing. 

13. The feedthrough capacitor assembly of daim 11 
wherein said second ground plate of said second 

40 layer is exposed within a through port formed in 
said casing. 

14. The feedthrough capacitor assembly of claim 1 
wherein said second ground plate of said second 

45 layer is exposed within a through port formed in 
said casing. 

15. The feedthrough capacitor assembly of claim 2 
wherein said casing has a plurality of through ports 

so formed therein and disposed respectively to expose 
edges of said active plates of said first layer and 
said second ground plate of said second layer, and 
first ground plate of said first layer being efectricaly 
isolated from said through ports. 

55 

16. The feedthrough capacitor assembly of claim 1 fur- 
ther including a conductive terminal plate, said cas- 
ing being mounted on said terrrinal plate, and 
means for electrically connecting said first ground 
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plate of said ft* layer to said terminal plate. 

17. The faedhrough capacitor assembly of cUm 16 
firther Induing mean* for isolating said second 
ground plats of said second layer from said terminal 5 
Plata 

18. The feedthrough capacitor assembly of daim 2 
wherein said second ground plate of said second 
laywissUxWidedintoapairor 10 
subptate* one of said subpiates cooperating with a 
pUraay of said active ptetes to dtfina a piurafity of 
said feedthrough capacitors and cooperating with 
said fust ground ptata to define said coupling 
capacitor, and the other of said subptates cooperat- is 
ing with at least one additional active ptate of said 
first layer to define at least one additional 
feedthrough capacitor, and means for connecting 
said other of said subplateecfirectry to said common 
ground port so 
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FIG. 18 
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FIG. 24 FIG. 25 
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